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(54) WAVELENGTH CONVERTING DEVICE AND 
ULTRAVIOLET LASER DEVICE USING SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a wavelength 
converting device having high wavelength converting 
efficiency and a compact constitution without requiring 
a laser beam having a high peak output as the 
fundamental wave. 

SOLUTION: This wavelength converting device is 
provided with beam central position adjusting means 24, 
25 for almost making the central position of a laser 
beam with frequency coincident .with the central 
position of a laser beam with frequency 2co 2 (4(0^ in a 
second nonlinear optical crystal 21 by using a common 
optical element and a beam shape matching means 26 for 
matching the beam shape of the laser beam with 
frequency co 1 to the beam shape of the laser beam with 
frequency 2co 2 (40^) in the second nonlinear optical 
crystal 21 by using the common optical element. 
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(54) [aw©***] »«^^e*J:r^»tg36«^esfflv^*^V'— y^e 



(57) [£jft] 

[SIS] l^xm^-^tiitKDV — ■ 

*2<©#«^*^e|ifift (2 1) K*s»tS 
(4 co,) <OW— r^tof— ^tp'6ffiBiSr*ii©3t^ 

(24, 25) fc , SB 2 <0#i)UI$ft$4&A (21) 
t-*3tt S^&^co , O V- if %<D tT— Aftt t J^jS» 2 

co 2 (4 co.) col — -tffteot*— A^tfei:Sr*ii©3t^ 
^Srffl^TS^$-*S/h«>cr)b*-A^lE^¥© (2 
6) *&«*.T^5. 




4o>i 





(2) 



3fc^te*Sr^ LTmflE^ 2 05#i»^^ B B B l-AWLfc 
fl««2a),0>- 1f*fcfclS-3VT, (co,+ 
2co 2 ) 05U— »f3l£«r38^**T#tUli-S?P^5S^¥ 

ftufEfg 2 tttt 5 itufB^Sc* co , 05 u 

— U i 3to5tf-Acfi^ffl:gi:WIE^St^:2 co.rou— if3fc 
05 f-i^-iMSB^ Sr^iiw*^*^ Srfflv>T»»S— S 

fc*05 tr- Af-kteBPS^a t , 
BWBSS2<0*J|lJg36*teftfcS3lt»ltt3BHaS*o>,©i' 20 
— tP3toDf-A^ti6flESjR^C2 o),©i/- if3fctf>tr 

1 «ci|B*05^ft^^Bo 

S £;ft,fc w VX^^T-TS £ i Sr#« b -f 1 
3 05wf l *{cfE«rojg[S^se 0 

5 2ocoSart(c:fev^T]Ev^i^ife2>®tfr^^*-t-Sr i: 40 
Sr»»i:i-5W**4 tE|B«l<z>ttftX&3£B. 
[ff*«6) fl9Efcr-A«ti,p^aB»l«S#«l!*i±tm«E 

ft^ift^Bo 

tf>u~-if3telE&-3l^-Cjiaigi$:2 co, WW- !f3fc$r$8££ 50 




I #H^Pl 0-3 3 9 8 9 1 
2 



BtrfE»2«?J&-ilS»IS38£*&tA, HflfE)l» 2 co, 05 

co , 05 u-if * 1 11] £#I&Ie»o tWttlt 5 r i «r«M* 
£-r5S»#3l l J>S6 ©v^Tn*» l *»wffi«ioftft3E« 

[IS*JS8] W*«l75S7 05V^-rn^i*{e:fE«05 

5 u—fyt^mm-r^tz^xou—^mmb^m-r^ 

twaits e. i zwrnb-rz^n-f-ymmo 

# if ttEKSr*** v •eytmm-r s e * ie j; o t 

iiu!E&ft£&3£Bte, Btraa^Wflc^— 9*aiBH*w— if 
3£B*» !f 5 f»©'M u— if 3t 

w—!fKB 0 
[0 00 1] 

[0 0 0 21 

d : YAG (Nd &r K— 7° L ^.Yttrium Aluminum Garne 

t ) &u—y s m , Rb1-zm#^- if (6*T, in 

d : YAG U— !fj i:V^5) ^?50r>S*iS (l 0 6 4 n 
m) ^S^LT^^ttfrS^SE (2 1 3 n m) Srffl 
^S^3fc2S©JSJB^aB S*T,rv^So — Nd : 
YAG W-if 05S*K^^ b 5 <Sfiffi--05^ft^Srfif 5 fg 

SE*^*^*: Lt©»*f& B B LBO (LiB,^) 4» 
^fflv^T, S*S[^f>2^*^^-«i:5 0 iSfcv^T-, 4 

3tm a B BBO (0-BaB 2 O 4 ) ^ffl^T, 2fgF)S*^4 

«***T-i:Ur©*i»«53l£#*gJlBBOS:fflt^, S 

[0 00 3] H 9 tt, «*CD)Sfi^«I^B05 4 
to&mfH-r B B Ofcl*3(t 5 4 

ro^-T-^^-rnir-^or, (a) ta^-u— if^t^BBo 

<*ftSre»fS«R^-Sr, (b) ttBBO*£,f a c7)WttJffi|c: 



# 

3 

gp-Ctt, Nd : YAGWfOS*« (•*-fc*>^>JH«*C 

<o.©i — ■ tf*) t2M (t4b*>fl»«2»,©i/ 
-if*) fc#Hi:*ISte»oT (IBJWt?) «®#rt£c9§£ 
V^BBOM9 OiZAft-fZo LT, BBO^|90 

So 

[0004] -r**?*), 09 (a) {z.7jh-rx?iz. s mis 

*Tfc5 4flf|lt, *r*-C*>5 2M©t*-Atfi>«li 
(Walk off angle) ^totBBO|S^9 0©tSrfif 

I 3 «re»-T5^«r!>d-— ^^-7 (Walk off) £:V>5„ 

09 (b) t^-rj: ? »-> BBoef B 9o© 

tf>Sg#£g;U\ ^co f— a ^kittiSU* 2 M© tr— A* 

[0 0 0 5] 

[«W^«*LJ:5 fc-TSHUH] JbifcoJ: 5 te*j*$;h, 

BOi^Blic^ttS^^-^^-^w^fcJ; 2^St£ 
4 ffiFSt i: © bT— M.<DM% t> dSffiT Lt 4 fg$t3§:£cO$)S£ 

5BBOfe B B B i;l3^TS«i 4{&Sticot*— 

[0 0 0 6] ±*©4fflfj6*4SPICi8»t*4fflFtt©^* 

H ^ftttSrRte^-frfc— »c9BBOjf£,&&ftcOitfT:£ 
» o T *5U £E« L T 4 5 

JSStt&RteS-ti:*:— *ftf>BBOJS&£r«:?iJg£@LT4 
^3S£tt«:«J*Lfc«^&*iiaTS>oT, (a) tt 
# v>— F%.&-ttV> B B o|S*Sre»i-5«?-S:, 
(b) }*&&<DBBOl£ik<DttmV$&\z.isi-fZ>&u>---y'%: 

[0007] 010 (a) li^i-J; 9510BBO 
*£b!9 1 l£*51^TH 19WB BOj^HH 9 0 <tl5j$l»;i, 
4fflF* (M^4o),) tt2{SSt M2<ii i ) CDt* 
- A ^'Ott^ico*^^®^* 604>T:£KBlfi£<£> ? * 
-^^-7^*^toT{5*-rS 0 -A". M©BBO^ 
S9 2tr*3^Ttt, 4ffiF«f4 2ffiPiftOtr-Atti.C.>*||||Jt 



(3) 1 0-3 3 9 8 9 1 

4 

toTfiffit5o ^ro^Sm, 4^^SP(i*St-j--5 2^ 

& t 4 ffifSt ir t~— Acofift 9 /5S(r]± bT 4 {^St^^ro 
#j*#ft±i-5 0 L*»L^e>, 010 (b) (c^-fj; 
liOBBOM| B 9 2c9#tffl4SSlC:*3V>T, 4 fgFSE 

LfcV\, ^ 5««B£*|$<Sr«j£-t-.5BBO*g,& 

10 ^)^i4&«$tt^V\ 

[0 0 0 8] 5^St«^SPl-*5lt5S*S£t 4fflFSEt© 

^^--i?^-7©^{c«ts 4{^Strot*— A^<Dt£ 

5„ BP*>, 4fBP»»fe»KI3«fcA«*i-5S*a!i*sJ:V 
2*gfSt»tr— A^Sr, i-^t>%0^^S&uyt2fgSt 

20 *Kt4flJ*<03tKfc*3Slin«U^»U =&7fe8g(-^n 
^ftK«£*tfc#!£3R«r#LT 5 

[0 00 9] L^LWt), SlOjSiaHIl 5fgf 

30 &ifHz.m\?—?tiijj<DU-- fMgi4oTL* 5= - 
«2<7>^^J;ttfi > 4f|fSti(Ot*-A<0 
fi/^ 9 «r3fi* Ufc 2 o©****^ btSlt S r^i 
JJHffcfcf *» 9 TT* < » 2 {gStfg&aiS i 4 fSSt^^gP t 5 

F4il«Srllfflt5ri:m4<*ori,*5. 

[0 0 10] *^Wf4x WJBCBWfcfc^TfcSfrbfcfc 

t r «!: <^ g «J t i" 

[0 0 1 1 ] 

ism**?*-*-***©*®] «riEBRjasriw*i-sfc»t> 

ttft co , co u- ■y* * toil Stifc & 3E<b $ * 5 r. t * < 
50 H%{-^r3ti: L-CAdtLfcilStmto 2 cou— ^^**icS'5^^ 




LTNufES? 2 ©#*^**i|g*^AJH- L 

ltbuis^ 2 <r>mm%^msk\^->M L^mmm 2 

a»,©u— if*4:K:aK<Jv^» (a>, + 2»,-) 

CHI 2 <Z>*|ftJg3te^ilt*fc*S»t 5 BUiEJ3$c$Cco , CO 

if ftcD fc*- A* t mfSHJS^C 2 co 2 CO U— *f %<D 

^Sfcfcrotr-A+fctefipw^ai:, iWfElfS 2 co#j& 
Wt% , mm& KtSVt 5 MIE^jfe* co , © If 3teco tf— A 
t ButEil^m 2 co , cd l — If ftco tr— J»JEMK £ 

#J£<!:, &«;tT^5;:fc&ie*fc^5«£3Hfc»B& 
J§«-TSo 

[0 0 12] #38eHco$f* L-VMBBH:: Xfvtf, SfflSt-- 

-Mco7°y XASr^rrs. aMBtr— ajbikse^ 

[0 0 l 3 J Sfc, *^WcogiJco^ffi(rJ;HJi, *^BJ 

3*K £-1^— if^=y MilHifEW- if^fia^cov— if 

LX%itU-tZ £ £ Sr«M»ti-S*^u— 9* 

So H0>»fi\ ilWBV— f*Sefi»4, Nd £r K-^Lfe@ 

# if i^— if T-^ig-r S riiaot 

5^** i — if m&mfc if 

0, H&fSafcft^i&SBtt:, HfrtE¥*ff^-ifls!)^@^u 
-if 36«*» fc©ifi#fl- w-if ft &^<o 5 ffiFft©*^- u — 
if *teRftSE»-r 5 - i: L</\ 
[0 0 14] 

l&W<Dmffi.<oj&ffii] Bili, #»W©«ft£*»B© 
ftUf £fftW-r5fcfc©mTNfcoT, (a) ifft 
^aSBSreS-fStR^Sr, (b) tt 4 fflFS8B&«S©*tW 
*»!:*j»tSS*«i:4fflFtti:©fi>5c5 4:, (c) «5{g 
«»^«BJ©BBO»*li:*s»tsa*fti: 4flf«fc©fi* 

[0015] *%ft0&£K4fc&B<BAftft&ttJ$0gtt: 
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t ^Lfi#i»^3t^S$fiLBOSrfflV>T, Nd :YAGU 

— «f©S*» («»»a),) *»e>2fflF« 0a&ft2 
co,) Sr**$*5. *-ilSW«*£#Jkf*4f&S36£ 

fMf B BBO^V>t, 2 igmfrb 4 ^St 4 co 

mm&£.mt vxcofamm^^^imn hnx^^ 0 

5 fc t BBOt«V^ 

10 

[0016] *mwxte, m i i^-r 

gUtcoKc03tBS«f4^:«4^^la5t 5fg&3g£gBi 
coF^co^Sg^^iag^tlTVNS,, -t LT, rcOtf-A^ 

•CMftfiHl|i»«>f^fflH:J: 9 > 5 fflp«**«J©#«y^3t^ 
B B o icl*3 5 co tf— i» 4>^tefi i 4 iSco 

20 ^^SPico^co*SS4 I (^iag^tlTV^5 0 -t Lt, r 
coe'-A^t>tS-&g|5cof^ffl{c:J; <9, 5 f&Sc56^co^lS 

co if- AJBfctfc 5rS^- $ * 5 0 

[0017] LfciioT, HI 1 (c) iiTF-Tipt^ ^ 
TtcjBtCDtr— A@«r/h$<gS:^LTt, 4ffiFSE^gpcOB 

BBO%sg,K$i^xm*$i I: 4m$Lk<om\z.& 
^tr— Acorn* 9 Srfil«i-2> i t^T^s 0 &*3, Ji 

30 ^gptt, a*«i:4ffiF*i:JJi»L.TBiJ*«)3t^**fflv» 
5r ir^<*iico^^SrfflVNTV^So Lfciiot, 
t'-A^^fiCgpas^Jct^e'-A^S-a-SP^, 2^ 

T, *^BJ(dJ;tttt\ mtt&t LTiSf-^W^cou— 
if*^^ir-rsrt*< N »**»«iJ(i*s*S< JLoa 
^ 0 i^ hfc«jft«:irr5««BSBgBS:»r5£ 
-e^So 

[0 0 18] IJtT, *38W©*16«ISr. aS#HBBfcK-i 
t, jRft3E*«BfclS]«n?A**-*-SS*»*JJ;u { 2fflFjft 

TV^So Lfc^oT, (a) fix z ¥ffi{i«iofc$lfiC0 
(b) tty z5pB(C»ofc^@cOffifi)t^, 
(c) fi5^&|g^c7)BBO^C0A^S, ^*3<t 
0?ltffiiffi{c*3ttSS*&i4fgfSct©tf-^(oa[*9 Sr 
^h^'tlTF LTV^So 
50 [0019] I? 1 3Ui60iJC9i£Bte\ 4 fgffi^g^gP 2 0 




7 

«Il 0 6 4 nm:«tco 1 ) 3&»fe 2ffiP» (® 
f 5 3 2 nm:lS»2 fl ) 1 ) £^S JSZ1^« 

*^Sk«r«*LT^S 0 4fMi38£S»2 Ott. *-« 
■1**4*^ i U^-^BBOfef 0 2 2*3<fctf2 3 
Srffl^T, 2f&&^b4^jg (SS2 6 6 nm:B»ft 

So **3, -»<OBBOfei2 2*5*1*2 3 tt, 

assv^Kte-rs «t 5 (aitt-^^^^ttscftot 

T, 4ffif«t^fe5fflPjft (ftft2 1 3 nm : m 

So 12 (a) #BBOfef 0 ©J|J (A 

T&S D 

[0 0 2 0] JB 1 *Jfc«<03SKtt, 4ffiF««4=» 

2 0 <D A%i®\<Dytm* (2fe®Lft$Mt 4fe$ift±&2 

o t <Dm<o%3&*£) \z.mmztiti— m<o^v xj*2 4*3 

W2 5i, 4ffiFjft«*SR2 0 i 5«&«±»2 1 t<D 
Pfl07tK4 I (-IdB$ttfc«3Di/VX2 6 t 4r«x_TV> 
So -^7 P yXA2 4*3j:i;2 5^ 4 ffl?jft38^jfB 2 
0^feS*«^4«j6i:S:ra«iJj:«-m*-*Sfc»fc, 2 

b rotti^ a» ufcat***j j: v 2 «F«sra 

v > MS 5 BEfcjW x ^fp] fcsp^jgnj $ ^ 5 ft % % ^ 
V^o acffiU^X2 6fi, 4fflF«t*^«P2 o^e> 

ra«^itasnfc***»j:r/4««fc**-rsf^fflS: 

So **>\ 13 2 (a) fc, 2 

lffl«fctti(&*ns**jft«J:r/2fflp«W:i:t>^ W&2 

[0 0 2 1] B3tt, »l*Jfi«l<Z>4ffiF«3B^ap2 Old 

03 (a) 2fem&$im*h<0&*$Lb 
2Mt^-»(7)7 s yXA2 4*5*1*2 5^t5^^ 
* < tt^ 5 S*G $ tbfc— B B 0*£iBi 2 2 *5 * T* 2 
3^e>i§4M5S4SP2 0^|5JWt-AWL, lo4fg 
S*t»2 0^t)©i*8i: 2«fStjiJ*Bi/yX2 6 
Sr4M-5£i:*< 5«JS#£»2 l KAIti-StfH^s* 

fc±5Kl, jft#3fe«>S4fflFtttt, »3tt?*5 2fitt© 

a»*"c*>s«**tt, arawicj: 9 3. 9 0 <d& 

tfTBBOfe' H 1i2 2*3*1*2 3if*G*-rs*s % 




WHB^l 0-3 3 9 8 9 1 
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So 

[0 0 2 2] LTt^oT, H3 (b) lH^i" <fc 5 4 
^JS^^gp 2 o coJH- tHfl8*s J: XI 5 2 l coAM 

SrSttSx^rRli-9 0 0 //mt?t"^7(7)|i^ 
tt*V^y;fr|tijK:2 0 0 ^mrtgl/«i:i6 0 — 

10 *< 20 0//mOR^S*tfc^ S^i&OfcS^ 
Iflrt-fcfefc t*-A^^W^I^^»i~S«®lff^®« 
— *TOBBOjgfi2 2*3J:t^2 3tdJ:5*B«$ix5o - 

co j: 5 {-> * i ni&Miz&^x \?-j»tp >b&mmw^m 

fem&&&2o\z.&tf&?*—?*7<Dmw\z.& } o^ 4 
rattan » 2 0 <dm mm» ttfs ffiFftx^ffi 2 1 A*r 
tr— a »t>i* 4 ffipjfto -tr— a ^ k&xjy 

^WoT3 5 0 //m»tftlTL45wJ:l^5o 
[0 0 2 3] H4tt\ IBllllfe^JI^V^^— A^L-ffi 
20 W^g^tS^O^y X.Z»2 4*3*t*2 SCO 

^ffl^f^W-rsfc^coBlT-foSo 04^-TJ:5(-> - 

^/yXA2 4^j;i;2 5^ 4fflFJl38£tt2 0*>fc 
K*&i:4ffiF«[i:Srratt^»fflS*Sfe«>^, 2«fi% 
^^^^^«^A#tL^S*^*5 c i:I> > 2^^^Sv^^m 
^SSg8tf£^tx^•fpJic:5pfT^i(l^^i:TV^So "T*t>fe, 
4ffiP«*^«|5 2 0(^Alt^SS*^tr— AtfJ^ttlfti 
2fff»Olf— ^4>^ttlR^fcx^^f&oT3 5 0 //m 
»t«*bS*»r fcKtot, 4ffiFjR*^»2 0^b« 

4mmk&mmzttm£itz>z}:&, x>^x\*5 

30 ««*^«B2 HJi**»Ei:4f&jftfcSrra«ifcA»**S 
r fcSr^ItBMLT^So -<£>*5fc:, -^7 B yXA2 

4*5*t*2 5tt> 5ffiP»[3B^«P2 l<?5BBO^^*3tt 

5£*iKotr— i^frfcgi 4ffiF»<^tr— a* 

[0 0 2 4] ftWc (6iRiS) <^>lttt«i*#v^3t^ 

*t^S F 5 7Srfflv>fc*^-^^y XA2 4*5J:t^ 

2 5<DMr&wm&^\,^xmw-rz>o 

SF5 7(j: % (jftg 1 0 6 4 n m) (Cl^ tt n 

40 (coj =1. 8 1104(7)I}f^tU 2fM K 
fi5 3 2 nm) (^LTn (2co,) = 1. 8 5 8 5 0 
©IW^ttSo — X^2 4*5i:tF2 5X 

tt, rojR-S^J:Sffi^Oxti/\ -r*fc>*>36¥*t»^ 
*i-S^ffic^J:t), #7°y X^^AiWAtWtH^t^ 

I>*2 5tt, ^Ttf>*J-ft3o2 4 a «t 2 5 a ^^SffifT'z 

50 ^^rS]^c:»oTSgglL/c^tBfi^Tv^s 0 rs>»£\ ^Xy 
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ds^fii-5o -<?>*e (i) tt, ^yXA©«ftA#«» 

D = A (n-1) (1) 
[0 0 2 5] LfciSoT, Sggf LfcttBftbfct 
t-Af^MffiXfj:, Jfc^ (2) T?*£*L5o 
X = D • L = L * A (n-1) (2) 

*tmSF5 7©#t5»« (dn (co) /da) {-J: 

(co) d5#e>*bSo Lf:^ot, (coj £2{g 

(2o)t) £<Pft»teK2Effi: (x (2a),) -x U * 



*,) ) feBrKaHITCfca 3 5 0 ju mlitSKtt, lift A 
= 3 0° <D-tt<D7 , y><J»&mffiL= 1 5mm«»tlBHi 

0° i«t5it4<3tf»»SF5 7j;nSe)li:» 
[0 0 2 6] H5f4, JBUgSSW^JtStr-A^^ffi 

^cfe^H-r&So lasfcfc^T, ffljR»a)Sr^r-r 5 tr- 
io A»f5¥CTffiS5 1 CDjffiJJf^Srn (a,) t U ¥ 
fT¥ffi«5 1 t t U ¥fT?ffifi5 1^tf- 

i^ASt^S: I ir1"5i:, AWtr— ^<Z)3EtSX (o>) tt 
(3) -e*$*T,So 

[fci] 



X (co) = t sin (I) 



1 -sin 8 ( I ) 



1 - 



n (co) 8 -sin' (I) 



(3) 



[0 0 2 7] Z<D£*>\C Apfr¥ffi«5 1 ttTfrfct^Jt 

¥$tn<Dfr+z>&m Un (co) /d<») ^£9, aw 

V-J*<DWi&\£»ftLl£&iSLX (a>) ^#fetu5 e .kit? 
<Z>3t^*ms F 5 7T*Wr¥cIa«5 1 &Mffcrzm&. 
(a>.) ^2fgjR (2(0.) ir^tB^igSffi 

(x ( 2 co i ) -x (a).) ) *mm<omx*&>z> 3 5 0 

ft^ 1=53° Ki&S J;5t£E«^ntfJ:^£ 

5o **5. A#t&I=5 3° &&£&Zkft<5l£5ffiW 

sf 5 7 1>£ b\z&m<D*%\*^yt^tfw&m\<^ 30 
[0028] r^-e, t?-j*tp>b&mmm^&k ut¥ 

2 5£/B^5»^i:&Jfc«-r££. -^xyxA-eii 
4 o^BSTOJSW SrftJffl-T £ n £ LT, 

iN^ffiSSr^t <t6rir^5 0 *m-r*tfi, tr 40 
-j±q>>b&mmB^&Lk isXW-n^mRx y> h-w^ 

yx^^ffl^sm ±9«[v^«ST?iKB*tr-AaEfl[ 
[0029] fcte, |2i:iot, ^ 1 JWfcMtetei^T 

tawi-So m2K^-rj: 51^ ig 1 gi^jT^ 

*^«H52 0(Ojg«T*fcoT5{SiffiaB*SS2 l^BBOfJ 
^(DAMi^m^b 4 2 mmCO^(^^^T^ffi®^^DS U- 
yX2 6^E@LTV^ 0 $B^X2 6lt 50 



(Rf 1 0 64 nm) i^^Lt f (to,) =40 mm CO 
m^mm^V, 4{g#E «fi2 6 6 nm) C^Uf 

(4 co,) =3 6mm(^EgW^tt6 0 SRffiU^X 
2 6m ^^Xfe^^S^tt-^W-t-S^flftfeJ: 
V2o^AW^a (**JKi4f&«) (Pj£j&s?>£tf>SI 

5fflFtt%^«|S2 l(Z)BBOef B (7)t*^ 

[0030] mi mmmxi±, a 2 0 ottm 

*tcS*iK*5J:U ? 4^^^-^^^^ hJ&s*>5»£*fc 
o^T, LfcdSoT4flgpjR3S4tS|5 2 0 0|tW«^^ffi 

ffi^r a b cd^ h y ^ *s:/hv vcw-jrrs r t lei ^ , 

A^£;fc#>T^<5o 02 (a) ~ (c) 
2 0 0 fi mC9S*ffi^. Ml/yX2 6^M4 7m 

teei-fc^Torsa o o ^m©^— s*t 

9 0 0 ^ mX y JjfalZ 2 0 0// mCO fcf— J^MVt&fclT Z> 
4fflF»tt, 5 2 lOBBO^Wfill: 

*5V^T x^fo](- 3 0 0// mt + y^^lu 1 0 0 /z m©|P3 

5fflF«»*aJ2 l 

O B B Ogf^AW^ T > 

[0 0 3 1 ] J^Jt^ct 5 » 1 mM&lXi^ 2fflFtt« 



„ • 

2 o £ 5fflFjfc3B£8B2 l iroracojtK^i^iaHSnfctr 

-«l^g^ffll-J;^ 5«j|£S8±«5 2 1 <7)B 

^tt*£*fr<**-cv*5 0 ^o^*, if- a 

2 10BBO^ B H B (^Att*^^ltffi*^-e(Z)ik 

ft o ^Wt6 r £ # S "C# £ Q 

[0 0 3 2] £0>J;5»^ UllMTIt 

U 5ffl?8tfS£gC2 ltf>BBO^ B 1,t;i:^Tg;*:2&£ 4 
k (omz&ffr ft tr— ^coMft 9 Srfljffi-t-s - 1 ^r- 

Xy X^2 4*5JcO*2 5 (*^«^PfT¥ffitK 5 1 ) *3 «t 
0^Mi^g«t5Mi/yX2 6$:, 2 
f&2£3S£lHS, 4ffif»«^SfB2 O^J:t> , 5^&^^g|52 1 

1 1 1 iz—mmmz => v \z&m*z> - t 

-^tH^(^)U-1f3tSr^i:-rsri:ft<, KftKlfUlBb 
[0 0 3 3] H6li, *«M^»2HJfi0J(c:d^SSES 

tt/BLT^5G>fc»U *2*j»«Tttx*rift|j:jEJfflW 
^^y^ftl-^ffi^cDv-y >- KU l £ x^r^l^ 

^ffi^T- y #fafcjEB*r;to<BS/ V ^ K y 62^ 

6d*5^T. l3 2cr)fgl||J£^*^S^ < i:ra«^te 

[0034] me 3 mzmmmx^ 4m 

$L&±m2 0<DW:&lZto\,^X 5fffi£3S£g|S2 1 COB BO 

y Ky*/n^yX6 i*5<tV6 2*iaiLt^5 e 

1 0 6 4 nm) [^Itf x (co,) =4 0mm^M 
SEfctSrWU 4(M («2 6 6 nm) l^ltf x 
(4 co,) =3 6mm<DM&mffi&&*fZ>o —ft, ^ 

1 0 6 4 nm) WUf y (to,) =2 0mm(50M 
BE«Sr*U 4fgjg (Rg2 6 6 nm) CMltf y 
(4 cu.) = 1 8mm(7>^jSBE«IS:*i-So — *T^vy 



(7) 1 0 - 3 3 9 8 9 1 
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yKy^w^X6 1 6 2-?ta, #tr— J±<DM& 

[0 0 3 5] 06 (a) - (c) fcS^J: 5 fc, 4 
^S|5 2 0<7>WWffi^VNTB:@2 0 0 /im^)I« 
tt, v'yyKy^/H/yX6 2^i^4 7mm^fil 
i-ftto*>5fff«L38^«FP2 l^BBOj$fi0^flrjtJr*3 
10 ^tIlW3 0 0 //m^t*-Aftl-if ^ 
4fflF«5S*»2 0^»W«8fc*VNT x^fRj{-9 0 0 
timXyjjftlZ.2 0 0 /im^)^A?i?ttSrttS4^R 
5mm%$L&2 l^BBO^fi(D^fag^*3V>T 

T\ «2Hlft01-t?tt, 5««»4»2 1<Z)BBO»*© 

t^ra^x^r^feii^y^^®iiij£eyj:9tfi»ft 

if— A^>«ft9Sr^3S,-t"S - tWfSo ft#, *2H 

[0 0 3 6] EI7KJ\ *^K^>^3**feMi-^^5iSS 
tt, JBl**«^JB2|llfe«t««<7>«fi8S:W't-S 0 L 

L«** b , mi rn&mxte x—^^mmmtt t 

Lt-^Xy XA^ffl tt^^tl^fgi IT 
gffii/yx^ffltti/^^i^u #3 ^ 

— ^comjff I^VX7 lfe«fctK7 2£ffl^T^5j£*:ttas 
30 S*«Jt^lffiiS-rSo l^ot, 0 7^*dV^T, i2(^) 

ig i mmm<Dmf&&mkmm<Dmm&m-rz>mm\z.n s 
m2 kmz^mn^Hi^x\f^ 0 sit, mimmmk 

[oo3 7] i7(^tj:5^ msmmmx^ mi 

U^X 7 1 dS4ffi?«3fi4fe«BJ2 0 cottar b 6 0 
mm^raPSSrPSTTiBB^tt, 2 coigjf 2dS 
^ 1 <£>[§]#? WVX 7 1 1 2 0 mm(Z)F»^[iTlo 
5ffiF«*4«fB2 1 WAW»?>5 3mm<Z)IHIWSrHBTT 
iSe^^^Tv^5 0 ft*5, — *j-<7)|H]#f wyX7 l *5iV7 
40 2 fl)* 4fg^(Z)e^^4 3 ^$ft^i— Sfc-TS J; 
&W&:$>£tlX^Z>o ^Lt, ^l(7)|IlJfl/yX7 1 

S*^ 0 6 4 nm) (d*fLT f (a>.) = 

4 Omm<0«^8E««:*U 4f&ft (SS2 6 6 nm) 
IC^Ltf (4 co,) = 1 6 0mm(7)^^Sggf^W-r 

—Jj, m2<Dm$x u^x7 (aseio 

6 4nm) I^LTf (co,) = 4 0 mm<D^ggffit£ 
f U 4ffi?jR «fi2 6 6 nm) l^ltf (4(0,) 
= 16 0 mmO^EBf Sr#i"S 0 
[0038] r (7) J; 9 [HlSf U^/X (y-yXl/- 
50 h : zone plate) f*. ^(DM^i Bgffi ^AM If— 




nm) fc»i-5*jRraif U, ) t4{gj& (Sft2 6 
6nm) KMiT&M&mffif ( 4 to , ) £ CD Prill 4 
f (*,) =f (4a,,) ©IB^dSBgSE-fSo P>H 
PftNAIi, P»i?PflD„£)S<^T\ NA= D 0 / (2 
f) i:-^x.64x5o Lfc^ot, |sJ— R#<£>g#ig 
11 0 6 4 nm) {i£t"3~5l!fjP#:N A (to,) t 4 fgjg 
«!2 6 6nm) SHE Pl&N A (4 to,) irco 

(SIKH*, N A (to,) =4NA (4 to,) eE>H#tfSf*i£ 10 

X t L"C, d = a./NAoc 1/ (a) • NA) i:^5 0 L 
fc^ot« P@CDg;fcig (Sftl 0 64nm) <T>^ 
^-j/MMXd (to,) t4M (RS2 6 6 nm) © 
ht-YXd (4(1),) i:^S?L<*>9. d 
(to,) =d (4 to,) ©|M«as/*&i-afcv>5*M*& 

[0 0 3 9] £h\Z., 2 OCDlHSf U^X7 1 t 7 2 t© 

ffifi*5fSF)SI§*a5 2 10BBOg|,©t*fiil;-S! 

*£»2 l cob BOiS©>p "9 tBr*e««» 
4fflF^|g^gp«B(cH:^i-5 " t^T?#5„ -^coSS^ — 

t 4 fe$L<D \?-J»M$ih *S*iS^^#j£T'tt^$* 
5 0 Wffx^Xi l i^SittAM Ufc fc'— Ate, lalffw^ 
X 7 l Jtt©A#EiCR#t5 £ £ & < , 3ttt-toj« 

(5«Ftt«£A2 l©BBOfef B ©WI) 

p>h^o icoyt*. miff i ootp-L^^-rnrA 30 

B B OfefiWf *fi[B^S3»t 5*tt-h-e 4 fgjgtCD t*— A 
X7 1t3j:V7 2li, 5fiFtt9B^A2 1 WBBOijg^{r 

[0 0 4 0] L/c^-oX, H7 (a) ~ (c) J^Tjvf-J: 
5 tel. 4mm&&M2 0<D»ttiiMK.t3^X4to»<OX— 
M.<p,b$&Bfab 3 5 0 n mt^-fU't- LfciffS 2 0 0 n m 
C0g#$tH Wi2<DM i 3T vyX7 2roft*"*tl5 8mmCD 40 
te®-r^*3*,5^fjS^SB2 l©BBO»«i 
K*3 V >T 4 m $L<0 f - A $>.bmk % f <fc £ L T 
18 0Mm©t*-A«l:W^W o — 4f£&3B 
£&52 0<73Wffi4S(Cl*3V^Tx^T6](c:9 0 0 (i mT-y 2rft 
|;2 0 0nm«f-i,W4:*t54M l (), 5fgi&fg 
£g|S2 l©BBOif£S(7?tf*fii:E{i*5VNT4ffiFjffi<?5b'— 
Ait>.6$flli^?r*^ir LXW-mtmi 8 0 ^m©t'-Af 

£gfl2 l WBBOi^S»AW4S8^bWffiSg4-X?W^ft:J- 
3Eor, S*jfti4»«i«>Wliift»*e'-Awa«9 50 



ffll-f 1 0-3 3 9 8 9 1 
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[00 4 1] &*3. ±$CD|S i 5SEMS0I|*S ±t«B 2» 
2fflFjft»^l35i: 4ffifjfi*^«B2 0 £ coPrilcoftSgcp 

f*¥tf¥ffi«Sria®LTV^^, 4te8E3S£gB2 o t 5 
«FSE»^»2 1 t<Dffl<Z>ftm>plZK:— A"*><iM£BfBfi5^ 

4e§B 2 o t?38^ Lfcfegro^v * f — A (fc £ iliM t* 
—A) Att>-W4BS@®S^SrSiii"'5 - t 

[0 0 4 2] JS2*J6«TW:, f-A^S-a-^ 
Lt-t©->y v Ky^/n^v-X^fflv^rvN?,^, 

tscitt^^ ±.m<D&mM&\Xte, 4fg 

«*4«B5 2 0 ^*3^T^ B B Btt5rSte$*ri-*fWB BO 
*tB%S:fflv>TV>-5dS, locoBBO^ B %x?4fg ; &^^SP 
2 0£*fi£LTfc#H^ s fifc£i-5' tf*WP>^T**) 

m^xmrnm. (co, + 2o) 2 ) ©u— if3esr»dfe** 

SKfiSm^B^*fLT-^(riSffl^pItgT'fc5 0 
[0 0 4 3] 18 11 #»W©Sft£SU£««rffl<^jfc# 

mmT*feS 0 *ttiSA©ttlWc:^5#M 
¥8-3 3 4 8 0 3^;f l^**tifcSft»If t 
*B^ro3gfi?rjgfflLfc0iJ-CS>S o El 8 {^1- J: 51-, 
*Hit«©*^ v- f^fi 8 0 W\ ^JW{c»f«IEB $ 
ttfel 0 0{@<3Di^— if^-^y h8 3«:<i^.rV'S„ #w 

8 l ^i/— tfSBS l^t.^11^- U'*Sr*^W' 
[00 4 4] *^JS0ijT-ti, ^flsu— tfSJiBHflsu- 

f8fi8 lWSflsu— IfiSEKi: LT, ^iJ^LfiNd : YA 

fc*.Nd : Y AG) W©HX^.^^ CT*>) 8 0 8 

Sjtflcu— mfiHfrl'— «I8 U>f,1 0 6 4 nmC 

flsu— ifS6jg@«£U'— fif8 l ^t>|g^$ix^.i 0 6 
4nmWi5^1'-f)tli, tLtz.V£5fe1SL&QLlfemt: 
8 2^LTStS»$H, 2 1 3 



15 



(9) 



10-339891 



16 



[0 0 4 5] *^Jffi0iJ<D^ U— y-'ilffi 8 0 T?te, # U 
— h8 3^f,CO^U— !f3tcDtB^^/h$ < T 
t>, 3fe5»JW»wE«S*vfc9fil* (**tW-Pttl 0 0 

#i) ©iz-fasy h 8 3*»e>m^*ixfc*^t.v— if* 

* i — -tf-'jigfi 8 o -eti, MTattiCEB £ *bfctt«<z> v- 
v^Sr(S<-r-5r i:^-e*5 0 ^©fcSII:, **JfefiajT* 

[0 0 4 6] 

[»«©«*] KittWLfcJ:}!:, *IBW©«A«* 

tf- a * «H«fti3 J; V f - A^*^#gk tf># 
ffljcj;*), 4fgjgt38^SP<?5BBO^{c:^tt5 9^-— ^ 
*7CD&WZWiML, 5««*&»©BBO*gi6fc::i8l^ 
T t 4 {g® t <Dffl K. ft*? 4 tr — A cofi * "9 

UtlT-A^tt«^#aSr, 2 4^jgc|S^SC 

5H"3 So LfcdSoT, *^Mf-J:^fi % £ 

*ft.b LTitSf— ^W^wu— ifftS-^i-rsr 

[0 0 4 7] *fc, fc£ V'— , tP»iBH#i — 
hSrlfe?iJW^*»:Ee-rsri: trior, tfg 

h^feW**^*^^— ?ft=£r3fcii&3-£*Si:, 
«te#£>Jx53»}^V'— !f#©ffl;*j«rilj< "TS iHI^ 

Si 

[0ffirofiHi|£fctftg<n 

[0 1 ] *38WO«ft**KIH©fPfflSrBlW-rsfc«>«> 
0-?ifcoT, (a) — ^^agBSrefti-S** 
£, (b) KM{gf«36£«fB©*taMfc:fett5S#«t 4 * 



*{»&t<Dg;fe!9£\ (c) f4 5fg^SS£!35<£>BBOif£ l ff I 
SS#)&£: 4{gfet<Z>fifc!>&*;h^;h,^cLT^ 

So 

fife Sr1f£B§#) (c^-riH T 5 o 
[HI 3] ^1*J£01J<©4^^SP2 OdttttS?*- 

[04 ] JR l IWiWllis^T f — A«f>.fr<£BH«i#&$: 

10 5fcfcc0HT'fcS o 

[0 5] « i nisw^t s ^-A^'Waaw^^at 

<5 0 

[0 6] *|S^©^2*Jife«»Hrd^SiSS^lfe»Bo« 
fife SrfiE B&ltt tr^-T 0 T? fc 5 o 

[0 7] ^sn«IR3 3)tEMS«lir!S^«ttAK^BO«f 
fife SrMB&tf) 0 T- $> S „ 

[08] *«W«>«[*|E*««SrfflV''*:*^w— 

20 [0 9] «*0»ft«Sa6«©4ffiF«**»SrfllJ«i-5 

itJboT, (a) J*g-W— !J-*3t^BBOj^AS:eaii- 
StU^Sr, (b) f4BBO^ftCDSttUJ»(r*5(tS#l' — 

[010] tt*©jftfi««MR«^*JV^TlS**SrSte* 
*fc-*hOB B o!£rA£:£7!I£a Lt 4 ^iS^^gpSrflf 
^Lfc«i 1 ^*tiffoot > (a) !f3fc^ s — 
*f<OBBO^S*eSH-S«T-STs (b) liM©BB 

if— J*Mm&*:jn,^ft,ni LT<^S„ 
[^•i-wlttW] 

2 0 4fgfSt^SB 
2 1 SffittX^AS 
2 2,23 B B OSSifl 
2 4, 2 5 X-t, 
2 6 Sii/yx 
5 1 sptT¥ffi*£ 

61,62 v-yvKy^vi/yx 

40 7 1 , 7 2 0tfT 

so m^— rmw 

si ^gjflsu— t^iafisflsu— 

8 2 Stft^^fi 
8 3 U— f* Sf V 



(10) 



%fM¥>l 0-339891 
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4&m&m Ao, r __y_... a> u 4a>> So >* 



(a) Wi^2a>i 



J. 



TT 

- J 2^ 



00 
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